
Lewis and Clark Complex
BAER

Montana Hydrology Conference
2008



L&C
Complex
BAER

Three wildfires totaling 
>150,000 Acres

Skyland Fire
Fool Creek Fire
Ahorn Fire



BAER
• Burn Area Emergency Response

– Life and Property
– Water Quality
– Fisheries/Aquatics
– NFS Roads 

• BAER Team is a multi-disciplinary group that 
includes:
– Hydrologist -Range
– Soil scientists -GIS 
– Fish Biologist -Engineer
– Silviculturalist
– Archeologist



Lewis and Clark Complex

• Was a multi-agency, multi-Forest 
operation.

• Included
– Lewis and Clark NF
– Flathead NF
– Blackfeet Reservation 
– BIA (Hydro)



L&C Complex BAER

• Lewis and Clark received over $1 million 
in requested BAER funds.
– Trail work (All Fires)
– Roads (Fool Creek & Skyland)
– Weed control (All)



Initial Investigation

• Burn Area Reflectance Classification
• Requested through:
Remote Sensing Applications Center 
(RSAC)

• Involves three main steps:

BARC



Pre-Fire Image
Fool Creek Fire



Post Fire Image



Change Detection



First Classification



Classification
• First Classification is basically a color 

operation.
• Needs to be ground verified. Or fly 

Verified.
• Classified as High, medium or 

Low/no burn intensity.
• Normally we would like to see a 

correlation between burn intensity (veg) 
and Severity (soil).



Resource Condition Assessment
Low Intensity: A burn where very little of the canopy and ground 
vegetation is consumed, approximately < 40%.

Moderate Intensity: A burn where a portion of the canopy and 
ground vegetation is consumed, approximately 40-80%.

High Intensity: A burn where almost all of the canopy and ground 
vegetation is consumed, approximately > 80%.

Mosaic: A mix of fire intensities that would include both low and 
unburned areas.







Pre-Fire Image
Ahorn Fire



Post-Fire



Change Detection



Biggs Creek Fire
2005





Resource Setting
Watershed Burn Intensity

Fire Total 
Acres

Moderate 
Burn 
Intensity 
Acres

High Burn
Intensity
acres 

Skyland 
Fire

45,760 10,809 14,897

Fool Creek 
Fire

56,500 14,372 3,260

Ahorn Fire 47,000 16,6781 6,071



Storm flow models
• Fire Hydrology NRCS, 2002 for watersheds 

<5000 acres 
• Adjustments to USGS (2004) for watersheds 

> 5000 acres 
– Parrett, Charles and D.R. Johnson. 2004. Methods for Estimating Flood 

Frequency in Montana Based on Data through Water Year 1998. 
USDI/USGS, Water-Resources Investigations Report 03-4308.

– Available on the net: http://mt.water.usgs.gov/freq
• Culvert Capacity was determined with a 

culvert capacity template developed by the 
MSU Civil Engineering Department. 



Fire Hydrology NRCS
• Excel Spreadsheet
• Runoff curve numbers for model were derived from 

the tables within the NRCS spreadsheet. 
• Fire Hydrology Version 1.3 (developed by Geoff 

Cerrelli, Civil Engineer with the NRCS) Watersheds 
<5,000 Acres

• The model was run for unburned and burned for 2yr-
6hr, 5yr-6hr, 10yr-6-hr,  25yr-6hr, 50yr-6hr, and 
100yr-6-hr design storms.  

• Culvert capacity template developed by the MSU Civil 
Engineering Department



• Land Cover Description and Condition
– High Intensity Burn  Hydrologic Soil Group 

(HSG) B/C  85
– Moderate Intensity Burn B/C 70
– Low Intensity  & Unburned B/C 65



Runoff Curve Number Method
• To estimate storm flow runoff the unit hydrograph 

was used to develop stream hydrographs.  
• The runoff methodology is described in detail in the 

SCS (1973) Engineering Field Manual.  
• This method is widely used in the western and mid-

western US for watersheds less than 10 mi2 to 
estimate peak rates of discharge

• Runoff volumes for a range of rainfall amounts, soil 
types, land use, cover condition, and average 
watershed types. 

• Very useful to estimate storm flow for areas that 
have undergone cover condition changes such as 
forest fires or land clearing. 

• But……..



The Precipitation Frequency Atlas of the 
Western United States—Montana 

(NOAA, 1973)
• For the fire areas indicates the following 

precipitation intensity for 6hr and 24 hr storms. 
• 2 Yr, 24 hr Prec. (in) =2.2   
• 2 Yr 6 HR Prec.(in)=1.2
• 5 Yr, 24 hr Prec. (in) =2.6
• 5 Yr, 6 hr Prec. (in) =1.7
• 10 Yr, 24 hr Prec. (in) = 3.0
• 10 Yr, 6 HR Prec.(in)= 1.2



Precipitation Frequency (cont)

• 25 Yr, 24 hr Prec. (in) =3.4
• 25 Yr, 6 HR Prec.(in)=2.1
• 50 Yr, 24 hr Prec. (in) =4.0
• 50 Yr, 6 hr Prec. (in) =2.3
• 100 Yr, 24 hr Prec. (in) = 4.4
• 100 Yr, 6 HR Prec.(in)= 2.5



Regression for Northwest Region 
Basin Characteristics

Site
Area
(mi^2) p Q2 Q5 Q10 Q25 Q50 Q100 Q500

West Fork 
Sun 342.91 39 3606 5531 6423 8696 11551 15646 32029

North Fork 
Sun 265.69 42 3102 4733 5470 7396 9853 13389 27563

p=Mean Precipitation









USGS Gaging Stations

• 50 mile radius
• NF Sun above Gibson
• Sun River near Vaughn
• Beaver Creek Near Gibson Dam
• And many more



Debris Flows

• Hyper-concentrated >50% by volume 
• Resists deformation
• Bingham Fluid-freshly mixed concrete









Gibson Reservoir Estimated 
Increases

• Total water yield for Gibson Reservoir 
and potential change from the Fool 
Creek and Ahorn fires was estimated 
with ECA calculations.  

• ECA coefficients used included
– baseline 1.5 acre-feet/acre water yield
– F values (water yield increase factor)

• 0.32 for high intensity burn
• 0.2 for moderate intensity burn. 



Table 3b.  Peak flows  >5000 Acres

Watershed HUC # Acres
Area
mi2

Pre 
Q2

Pre 
Q 10

Pre
Q25

Post
Q2

Post 
Q10

Post
Q25

Skyland Fire

Two Medicine 1003020101 190008 297 3221 5778 7852 3599 6458 8776

Md Fk
Flathead 1701020703 197959 309.31 3343 5971 8099 3391 6057 8216

Fool Creek Fire

MF Flathead 1070120701 130748 204.29 2284 4272 5909 2586 4836 6688

NF Teton 1070120501 96834 151.3 1734 3353 4703 1944 3759 5273

NF Sun 1070120401 169888 265.45 2905 5277 7210 3045 5532 7558

Ahorn Fire

Upper SF Sun 1003010403 160916 251.43 2764 5051 6919 3315 6059 8298

W. Lwr SF
Sun 1003010404 118681 185.44 2090 3951 5490 2102 3973 5520



Results

Baseline
Water
yield

High
burn

High
burn

Mod
burn 

Mod
burn 

Total
water
yield %

Increase

HUC HUC #
HUC
acres ac-ft acres ac-ft acres ac-ft ac-ft yield

NF Sun
River 1003010401 169888 254832 3828 1225 4374 875 256932 100.82%

SF Sun
River 1003010403 160916 241374 16677 5337 16072 3214 249925 103.54%
Total
Gibson

Reservoir
Inflow 330804 496206 20505 6562 4374 4089 506857 102.15%



Sediment % increase (average annual 
precipitation)

• Sun River above Gibson Reservoir
• Potential sediment yields were estimated using the 

R1R4 sediment model (Cline, 1981)
• based on an average landtype (Lewis and Clark does 

not have an updated Land Type Inventory)
• base erosion rate of 25 tons/mi2/year 
• 45% slope
• land use slope factor of 1.07
• sediment delivery ratio of 0.26

Results
• Year 1     33.6%
• Year 2      6.8%
• Year 3     1.9%



• Sediment in the actual drainages affected 
by the fire would likely be 100 to 200% 
above natural but for the Sun River system 
would be about a 33.6% increase the first 
year after the fire and decrease to 1.9% by 
year 3. 

• By year 5 after the fire increased sediment 
effects would likely be reduced to near 
pre-fire levels due to soil protection 
recovery from re-vegetation and mulch 
recovery. 



ResultsPike Creek Road
Station









Wayne Green 
Forest Hydrologist 
Lewis and Clark National Forest
wgreen@fs.fed.us
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